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PI3ER GLASS COMPOSITION HAVING 
LOW IRON OXIDE CONTENT 

Technical Pleld 
The invention herein relates to aiJcalme- 
resistant glasses. While it pertains to glass bodies 
generally, it nas particular pertinence to glasses which 
are fiberizabie. 

Background Art 
The natural mineral zeolites are a groi^) o£ 
hydrous alJcali and/or alkaline earth aluminosilicates 
wnich nave an open tnree-dimensionai crystalline frame- 
work. While a Large number of individual mineral 
zeolites are Jcnovn and have been described in the 
literature, eleven (11) minerals make up the major group 
of mineral zeontes: anaicime, chabazite, clinoptilo- 
lite, erionits, fferrierite, heulandite, laumontite, 
mordenite, natroiite, pnimpsits ana vairaJcite. The 
chemical and physical properties ot these major mineral 
zeolites, as wen as the properties of many of the minor 
mineral zeolites, are described extensively in Lafond 

Industria l Minerals and Rocfcs (4th Ed-, 1975) , pp. 
1235-1274? Brecfc, Zeolite Molecular Sieves (1374), 
especially Chapter 3; and Mumpton (ed.), Mineralogy and 
Geology o t Natural Zeolites . Vol, 4 (Mineralogical 
Society ot America: November, 1977). These publications 
also describe the geologic occurrence of the natural 
mineral zeolites and some industrial and agricultural 
•oses which have been proposed or in which the natural 
mineral zeolites are now being used commercially. 

rt is important to note tnat t*e .-.a rural 
mineral zeolites are an entirely different class of 
materials from tne "synthetic zeolites* which have been 
widely described in many recent articles and patents, 
aecause there is no universally recognized system for 
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naming rha synthetic zeolites, and because some of the 
syntnetic materials exhibit x-ray diffraction pattens 
which suggest possible similarities in structure with the 
natural mineral zeolites, some reports m the iiterature 
and patents have described certain synthetic zeolites as 
•syntnetic' versions of the natural mineral zeolites. 
Thus, for instance, certain synthetic zeolites have been 
describee, as 'syntnetic analcim' or 'syntnetic mor- 
dents* and so forth. As noted In the aforementioned 
3rec* rererence, however, this approach is technically 
•.unsound and has merely Led to confusion between the two 
■2) otnervise aistmct classes of materials: the natural 
mineral :eoiites and synthetic zaoLites. mile it has 
=-een recognized tnat tnere are structural similarities 
=e^een -_.-.e two groups, it is clear that the natural 
Jlnerii :eontes constitute a class or materials signifi- 
cant:./ separate and distinct in structure and properties 
f—a --e synthetic zeolites. 

"lasses are vitreouj materials composed largely 
oz 3:. .ra. 3ecause silica is a highly refractory 
=ater:a:, nowever, substantial quantities of soda ash, 
iiae cr ot.ner fluxing materials are added to the silica 
to permit the glass-forming composition to be melted at 
reasonaoie temperatures. Small quantities of other 
materials , usually elemental materials or oxides, are 
commonly aaoed to glass melts to provide particular 
properties such as color or chemical resistance to the 
fmisned glass. Heretorore, nowever, tnere nas not been 
any report of significant usage of zeolites in glass 
matncies and particularly as the principal component of 
a glass matrix, one experiment has been reported in 
-Men a ciinopti ioiita and glass mixture was firea at 
300-c (well below the melting point of either) to produce 
-nat --as described as a porous low density glass composi- 
tion; see Muapton, suora, p. 197, referring to Tamura 
Japanese published application 74/098,817 (1974). 
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AUcaline resistance is provided in some glasses 
by tne inclusion of zirconia and/or titania, such as m 
AR glasses of Piljcington. Although these materials 
enoance tne alJcanna resistance of glass bodies, these 
are refractory materials which increase the melting point 
or sucn glasses. Also, zirconia and tltanla tend to add 
cost to the glass inasmuch as these are much more expen- 
sive materials than silica, soda, caicia and the usual 
components of soda lime silica glasses. 

Although caicia tenos to lower tne melting 
point of -he glass composition, a general admonition 
exists in tne glass technology against using calcium 
oxide in soda Lime silica glasses in quantities greater 
cnan about ntteen percent (15%) by veignt of the glass 
body . 

(Disclosure of the Invention 

Obiects of the Invention : It is an object of . 
the invention, to produce low iron oxiae , alicaline- 
cesistant glasses from modified, naturally occurring- 
zeolite .uaterials. 

Another object of the invention is to radify 
naturally occurring zeolite materials with readily 
available alkaline earth compounds. 

A furtner object of tne invention is to form 
glass bodies from modified naturally occurring zeolites 
at relatively low temperatures. 

A still furtner object ot tne invention is to 
form compositions having improved properties, in par- 
ticular, f iberizability and/or alkaline resistance. 

Summary of the Invention : The invention nerem 
comprises glass compositions which have outstanding 
resistance to alkaline environments. Sucn giass composi- 
tions are characterized by a relatively high caicia 
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contest and a relatively low silica content and a very 
lo* fro© oxide content. In particular, these glass 
compositions are derived from selected or treated 
naturally occurring zeolites to which alkaline earth 
compounds, especially calcium compounds or calciuar and 
magnesium compounds, ar.e* added to yield a low-silica, 
high-alkaline earth oxide, especially calcia, glass 
composition. Also included within the scope of the 
present invention are glass bodies, particularly fibers, 
formed from the aforesaid glass composition. 

Detailed Description and Best Modes 
for Carrying Our Invention 

The present invention relates to low iron 
oxide, alkaline-resistant fiber glasses containing 
relatively high quantities of one or more alkaline earth 
oxides and particularly to glasses comprising silica, 
alumina, calcia and combinations of calcia and magnesia. 
A particularly useful alkaline-resistant glass has the 
following composition: 

Si lica - a bout 30% to about 60% by weight, 
alumina «r . calcia - about 
L3% to about 60% by weight, magnesia - about 0% to about 
30% by weight wherein the calcia plus oaqnesia content is 
fromabou t 20% to about 60% by weight, andjjpE? fna^5i£23 

c ^BRBB^tlui about tr.sr by r i«ifeS 

It is significant, as described hereinafter, 
that such glasses may be easily and inexpensively formed 
by melting a calcium compound, in the form of Limestone, 
for exampLe , or a calcium compound and a magnesium 
compounc, such as found in dolomite, with a selected or 
treated naturally occurring zeolite. However, glasses of 
excellent resistance to alkaline attack may be formed by 
starting with conventional materials such as silica, soda 
ash, an alurainats, limestone and/or dolomite. Such 
glasses may be described a» lov-*l2ifcn*; *caieiu» silicat* 
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glaiSM laiMoch as the calciun, in many Instances , is 
present in about the same quantity, on a weight basis, as 
is the silica. 

The alfcaline-resistant glass composition may be 
readily formed by mixing calcium carbonate with a 
naturally occurring zeolite material. Many naturally 
occurring zeolite materials may be formed into glasses 
under appropriate conditions. The zeolites, as a glass- 
forming material, have many advantages. Naturally 
occurring zeolites have already undergone reaction and 
the various elements are intimately mixed and reacted 
with one another. Also, the zeolite materials are 
particularly useful inasmuch as they have a very low 
sulphur content. In particular, very useful glass bodies 
may be formed by combining various quantities of calcia 
or calcia and magnesia combinations with a zeolite of trie 
following compositional range: 

Silica - about 60% to about 351, aluaina - 
about t% to tboa^tW^FV^n- aboo* ltta about 31, 
calcia - about 0% to about 15%, magnesia - about 0% to 
about 5%, jhffiuiGi$&^r*xrte "a»qt%g^:&a^ - 1% to 
5% 9 With the percentage expressed being in weight per 
cent • 

Naturally occurring , pre-reactad zeolites 
useful in the instant invention are those specially 
selected or treated to have a low iron oxide (PeO * ?e2C>3 
* Pe3 0 4 ) content. Preferred naturally occurring zeolites 
are those having an iron oxide content no greater than 
about 1.5% by weight and especially those with an iron 
oxide content less than about 1% by weight. Some 
deposits of naturally occurring zeolites contain lass 
iron oxide than other deposits. For the purposes of -his 
invention, zeolites with a low iron oxide content are 
preferred . 
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The iron oxide content of naturally occurring 
zeolites may be lowered by chemical and/or mechanical 
treatment. Often iron oxide is present in deposit* as 
magnetite, which say be separated by magnetic means. 
Naturally occurring zeolite, materials are finely ground 
and conveyed over a magnetic separator to reduce the iron 
oxide content to a value less than about 1.S1 by weight 
and preferrably below 11 by weight* 

A further means of treating the zeolite 
material involves dilation with very pure silica,, 
alumina, and the like. For example, while glasses of 
various types .may be formed from zeolite materials 
without: addition of any other materials or by minor 
additions of selected materials to achieve certain 
properties in the resulting glass body. For purposes of 
the instant invention it is preferred that the zeolite 
material comprise less than about 50% of the batch 
materials. In the event that the zeolite materials are 
the only .ron oxide containing materials in the batch, 
then tne zeolite proportion with respect to other 
materials present should be selected to be such that the 
iron oxide content of the resulting glass is about 0.5% 
by weight or less, and particularly preferably less than 
about 0,4% by weight. 

In particular, it has been found that additions 
of from 30% to about 70% by weight, and in particular 
from about 30% to about 60% by weight calcium carbonate 
mixed with a selected or treated zeolite results, after 
melting of the finely ground material, in a glass having 
excellent resistance to an alkaline environment.. Further 
more, these glasses advantageously melt. at temperatures 
from about 1250 d C to about 1500 a C. Also, glasses forced 
by mixing a selected or treated zeolite with similar 
weight percentages of dolomite, i.e. about 30% to 70% by 
weight of dolomite, result in glasses having comparable 
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properties to those formed by addition of calcium 
carbonate. Although carbonates are preferred reactants , 
other salts or compounds of alkaline earth rascals , 
especially calcium and magnesium, could be utilized. 

S A glass-forming composition may be readily 

foraed by mixing finely ground limestone with a finely 
ground zeolite material, such as the composition 
identified above. The zeolite material, inasmuch as it 
is a pre-reacted crystalline material, largely calcium 

10 aluminum silicates, reacts readily and efficiently with 

the calcium carbonate of the limestone to form a glass 
composition having a high calcia loading. Calcia 
loadings of about 30% to 50% calcium carbonate tend to 
provide slightly lower melting points than loadings 

15 involving 60% to 70% by weight calcium carbonate, based 

upon a weight of 100% equalling the total weight of the 
zeolite and calcium carbonate in the glass batch 
mater ials . 

The glass material, upon cooling, exhibits good 

20 physical properties, having strengths and other qualities 

substantially/equivalent to a typical soda-lime silicate 
glass and having resistance to alkaline solutions from 
about ten-fold to twenty-fold better than a typical soda- 
lime silicate window glass. Also, the resistance to 

-5 alkaline materials tends to increase as the calcia 

content increases from about 30% to about 50% by weight 
ol csiciua carbonate in the mix and then tends to de- 
crease slightly with loadings of 70% calcium carbonate 
contributing less resistance to dilute caustic soda than 

30 a glass with 30% loading. 

3esides increasing the durability of the glass 
m alkaline environments, glasses having a relatively 
high calcia content have other advantages as well. The 
calcia addition tends to even out variances in the 

33 zeolite composition. Zeolites are naturally occurring 
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materials and are not homogenous nor uniform in their 
composition. Also, the zeolites contain iron which tends 
to contribute a brow color to the glass. Calcia, on tne 
other hand, tends to contribute a light green color, 
which for many purposes is preferable to brown colored 
glass . 

The zeolites contain relatively substantial 
quantities of water, that is, hydrated materials. 
Hydrated crystalline materials generally tend to melt at 
a lower temperature. Thus, there are further advantages 
to beginning the glass-forming operation with a pre- 
reacted zeolite, rather than initiating it with silica. 

Tfce Belting range* of ttfe calcia-modif ied 
aluminum silicate glasses of this invention come within a 
range, i.e. about 125ft # C to about 150ft*C, which permits 
the drawing of -glass fibers through platinum dies. The 
glass fibers could also- be formed by spinning or other 
techniques. However, formation of continuous strands is 
best accomplished by drawing through an orifice in a 
platinum or platinum-rhodium body, 

Fibers of the glass compositions of this inven- 
tion are particularly useful inasmuch as they may be used 
to strengthen bodies which are highly alkaline in nature, 
for example , cement and plaster. Such fibers may also be 
used to strengthen organic matrices of various types. 

wit* tta^eipw** however, pro- 
Inasmuch as 

asbestos has been frequently used heretofore for that 
"purpose. Because of various health and/or environmental 
concerns, the use of asbestos is being discontinued. 
Continuous strands or mats of glass fibers having the 
glass com positions d escribed herein effectively reinforce 

cwnt and " comsrdt#r £b2Se« 
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5XA*PLZ I 

A glass composition was prepared utilizng 
silica, alumina, calcium carbonate, aagnesium carbonate 
soda, and potassia. Various amounts of iron oxide were 
added to this glass composition as indicated in table I 
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The Crystallization Tendency of AR-Glasaea 





Type 
la 


Type 
lb 


Type 

Ic 


Type 
Id 


Type 
le 


Type 
If 


?e 2 0 3 
addition 


0.0% 


0.11 


0.2S1 


0.5% 


1.0% 


1.5% 


SiO-> 

Al->0 3 

Pe 2 *0 3 

CaO 

MgO 

K 2 0 

sa 2 0 


47.3 
7.6 
0.0 

34.6 
7 . 7 
1.3 
1.2 


47.5 
7.5 
0.1 

34.6 
7.7 
1.3 
1.2 


47.4 
7.6 
0.25 

34.5 
7.7 
1.3 
1.2 


47.3 
7.6 
0.5 

34.4 
7.7 
1.3 
1.2 


47.1 
7.5 
1.0 

34.3 
7.6 
1.3 
1.2 


46 .a 

7.5 
1.5 
34.1 
7.6 
1.3 
1.2 


Melting Tamp 

CO 


1400 


1400 


1400 


1400 


1400 


1400 


Melt 

Stability 


excel . 


excel 


. good 


good 


-fair 


fair 



The melting temperature for each glass composi 
tion was about 1400* C regardless oe the minor quaneitie 
of iron oxide Included in the batch. 

The melt stability of the glasses was generally 
acceptable so long as less than about 0.5% by weight iron 
oxide was present. 

The glass composition set forth in Table I i3 
very similar to the composition obtained frcm a .natura.: 
occurring zeolite to which a substantial quantity of 
calcium carbonate and a small amount of magnesium car- 
bonate have been added. 

Similar results can be achieved from similar 
glass compositions prepared from a naturally occurring 
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zeolite which has teen treated mechanical!/ or chemical! 
to have a low iron content^ or diluted with other ingre- 
dients having substantially no iron oxide content. 

EXAKPLZ II 

Various glass compositions were prepared from 
substantially uncontaminated ingredients having essen- 



Cially zero iron oxide 


concent. 


The compositions and 


properties of such glass are sec 


forth in Table 


ri. 




. TABLE II 








Type A 


Type 3 


Type C 


Si02 


43 


50 


so 


A1 2 0 3 


8 


L0 


15 


CaO 


35 


35 


30 


MgO 


a 


5 


5 


Fe 2 0 3 








Melting Teap . *C 


1450 


1450 


LS00 


Alkali resistance 








( 5% NaOH, wt Loss %) 


0.7 


0.9 




Piberizability 


fair 


good 


good 


'forking range 


30 


SO 


80 



The glasses set forth in Table II are somewhat 
more refractory than the glass composition of example I. 
Alkaline resistance of these gLasses diminished with 
increasing silica * alumina content and/or Lower CaO plus 
MgO content. The alkali resistance of Classes IIA and 
Iia was outstanding. 
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Other ad justaants in the proportions of oxides 
present in the resulting glass material may be made by 
utilizing different starting materials or by varying tne 
proportions of ingredients in the glass-forming batch. 
Also, other ingredients nay be added to alter the composi 
tion to be lees refractory without adversely affecting 
fiberizability and stability of the glass melt. Such 
ingredients include fluxes such as soda, potassia and the 
like and boria. 

The presence of substantial quantities of iron 
oxide aiay be tolerated in glasses formed into beverage 
containers and various other non-optical grade, non- 
fibrous uses.. However, the presence of iron oxide as 
0.51 by weight, and especially about 1.0% by wight, of a 
glass melt renders the nelt relatively unstable and 
subject to spontaneous and rapid crystallisation over a 
wide range of temper's ture* . Glasses of this invention, 
however, containing less than about 0.5% by weight, 
particularly Less than about 0.4%, and especially Less 
than about 0.25% by weight, are sufficiently stable that 
such molten glasses may be readily formed into continuous 
vitreous fibers. 

Pre f errs* fEu» compositions for the purpose of 
the invention have a silica content of about 45% to about 
60% by weight, and especially about 45% to about 55% by 
weight; fflBSaio* content of about 10% to about 20% by 
weight, and especially about 12% to about L3% by weight; 
a caicia content of about 20% to about 35% by weight, and 
especially about 22% to about 35% by weight; a magnesia 
content of about 0% to. about L0% by weight, and espe- 
cially about 0% to about 5% by weight; wherein the 
GaO+MgQ content is about 22% to about 35% by weight, and 
especially about 25f to about 30% by weight. 

Some glass compositions may be Less aff acted b% 
the presence of iron oxide than the glasses of the Liven- 
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tion, which are characterized by a relatively high 
alkaline earth metal oxide content, especially a high 
calcia content. These glasses have excellent alkaline 
resistance and may be readily formed from naturally 
occurring, pre-reacted zeolites modified with readily 
available materials 'such- as limestone and dolomite. 

Industrial Applicability 
The outstanding tolerance to alkaline environ- 
.ijents render these glasses, especially in fiber oc flake 
form, as excellent reinf orcement materials for concerete, 
plaster and other inorganic matrices of an alkaline 
nature. This is especially significant inasmuch as 
asbestos, -tiich has been a standard extender as rein- 
forcement .ivaterial in cement and concrete bodies, is 
considered undesirable' because of the health hazard it 
may present. 

Glass fibers formed from glasses of this 
Invention have particular utility as a reinforcement 
material for cementat ious bodies, e.g. cement and 
concrete. Cementatious bodies exhibit enhanced strength 
when such bodies are reinforced with a minor amount of 
glass fiber, preferably from about 11 to about 10% by 
weight, and more preferably about 1.5% to about 7.5% by 
weight glass fibers of the type described herein. The 
fibers are included in cementatious bodies in sufficient 
amount to enhance the strength of such bodies . 

flWBjWRes of this- Invention have excellent 
resistance to inisturo degradation and do not degrade or 
deteriorate during normal or extended storage periods. 

Ttm Id* solfate content of naturally occurring 
zeolites is important in their utilization as ingredients 
in glass-f oraing processes. Sulfates tend to degrade 
during glass welting conditions, yielding sulfur dioxide 
and other objectionable sulfur compounds. Environmental 
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concerns militate against use in glass-making processes 
of any raw material containing sulfates, sulfites and 
other sulfur compounds. 

Zeolite materials provide an excellent source 
of silica and minor quantities of alumina., calcia and the 
like, very useful glasses may be formed from glass- 
forming batches having at least about 20% by weight of a 
zeolite material present, Frequently, 35% by weight up 
to about 70% by weight of a zeolite material may be 
advantageously included in a glass -forming batch. 

Although the instant invention has been 
descried is having relatively high loadings of calcia, 
it is ta recognized that at least minor substitutions 
of otner alkaline earth metal oxides in lieu of calcia 
may be made. ?or example, magnesium compounds, partic- 
ularly magnesium carbonate may be substituted for at 
least 3oae it the calcium carbonate in preparing a batch 
for meitirtg into an alkaline-resistant glass. Similarly, 
barium and strontium compounds may be substituted as well 
a* beryllium compounds, many of which are naturally 
occurring mater ials found in the same geographic regions 
as zeo i i tes . 

The oxides of alkaline earth metal elements are 
not considered glass formers, which is a term applied to 
elements having a valence greater than three, e.g. 
silicon, boron, andphosphorous , which may form three- 
dimensional networks with their oxides, namely, silica, 
boric oxide, and various oxides of phosphorous. Alkaline 
earth metal elements, being divalent, are more tightly 
bound in a glass than are alkali metal elements. 

Sources of alkaline earth metals to form oxides 
in the glasses of this invention are as follows: 
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Alkaline garth Metal Compound Source 

Calcium Carbonate Limestone 

Marble 
Chalk 

Magnesium Carbonate Oolomite 
Magnesium Silicate Serpentine 
aarium Carbonate >Jetherite 
Strontium Carbonate Strontianite 
15 3eryLlium Aluminum Silicate 3eryL 

Sources of calcium and magnesium carbonates are 
generally more plentiful and cheaper than sources of 
barium, strontium or beryllium compounds . Also , beryl- 
:0 Lium metal is considered toxic, although beryllium oxides 

bound within a glass body are not hazardous. 

It is noteworthy that the zeolite-derived 
glasses of this invention have good working properties 
and strength in addition to outstanding alkaline rasis- 
2 3 tance. These glasses may be used in any form, e.g. 

containers, sheets, and the Like, and especially as 
fibers. These low iron oxide glasses say be used as 
flakes, bubbles (microspheres), fibers and the like to 
reinforce organic or inorganic matrices, especially 
50 cement, plaster and the like. 

Aluminum may be included in the glass batch as 
alumina; aluminum silicates, e.g. from aluminosilicate 
glass cuilet; or as naturally occurring materials such as 
kaolin, montmor illoni te , and the like. 
33 Zirconia may optionally be present in the fiber 

glass. Minor quantities of zirconia in the glass may 
result from melting the glass in zirconia containing 
crucibles or through the addition of a zirconium 
component such as zircon or a zirconium silicate or 
*0 zirconia containing glass cuilet. 
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Soda and potassia are often present in the 
glasses of the Instant invention in amounts up' to about 
5% by weight of either, with amounts of about 11 to about 
3% by weight of each being present and a combined amount 
of about 2% to about 5% by weight being usual. In 
instances that boria is present, the total soda, 
potass ia, boria content is within the range of about 31 
to about 10% by weight. 



WO 35/02J94 



"CT/US34/01905 



-17- 
Claias 

1. An alkaline-resistant glass comprising: 
silica - about 30% to about SOI by weight; 

alumina - about 21 to about 20% by weight? 

calcia - about 13% to about 60% by weight; 

magnesia - about 0% to about 30% by weight; and 

wherein calcia plus magnesia is about 20% to about 60% by 
weight, and the iron oxide content of said 
glass is less than about 0.5% by -weight 
(calculated as FeO) . 

2. The glass of Claim 1 wherein the alumina 
content i.3 in the range of about 10% to about 20%, and 
the Fe203 content is less than about 0.25% by weight. 

3. The glass of Claim 1 wherein the calcia 
content La m tne range of about 22% to about 60% by 
weight. 

4. The alJcaline-resistant glass composition 
of Claim 1 wherein the respective ingredients are present 
in the following amounts: 

silica - about 45% to about 60% by weight; 
alumina - about 12% to about 20% by weight; 
calcia - about 22% to about 30% by weight; 
magnesia - about 0% to about 10% by weight; and 
wherein calcia plus magnesia is about 22% to about 35% by 
weight. 

5. A glass batch composition for forming the 
glass composition of Claim 1 which comprises at least 
about 20% by -weight of said batch as at least one 
naturally occurring, prereacted zeolite. 
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6. The gla33 batch composition of Claim 5 
wherein said glass batch composition includes at least 
one added alJcaliae earth metal component. . 

5 7. The glass batch composition of Claim 6 

wherein said zeolite is present as about 20% to about 701 
by weight and said glass composition includes at least 
one added alum; nam component. 

10 3. The glass batch composition of Claim 7 

where in said glass batch includes an added component of 

aluminum . 

}. The glass batch composition of Claim 3 

where:.*! said glass batch composition includes an added 
boron component i 

13. Ao alkaline resistant fiber glue 
conpr ising : 

20 Si°2 aoout 451 to about 55%? 

A1 2 0 3 - about 12% to about 13%; 
CaO - about 22% to about 30%; 
MgO - about 0% to about 10%; 

wherein CaO*^ is about 22% to about 35% and wherein 
25 said glass has an iron oxide content less than 

about 0.5% by weight. 

11. The fiber glass of Claim 10 wherein the 
CaO + MgO cootent is about 25% to about 30%. 

30 

12. The fiber glass off Claim 10 wherein the 
iron oxide content is less than about 0.25%. 



3 5 



13. The fiber glass of Claim 11 wherein the 
glass consists essentially of silica, alumina, calcia, 
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and magnesia in the stated amounts and minor quantities 
of soda and/or potassia and boria. 



formed from glass batch materials containing substantial 
quantities of silicon , aluminum, and calcium components, 
the improvement comprising selecting components which 
have a sufficiently low iron content such that the 

resulting fiber glass has an iron oxide content of less 
than about 0.51 by weight. 

L5 . The improvement of Claim 14 werein said 
Iron oxide content is less than about 0.251 by weight. 

L6. The improvement of Claim 15 wherein said 
iron oxide content is less than about 0.1% by weight. 



substantial quantity of said silicon, aluminum and 
calcium component content is provided by a naturally 
occurring, pre-reacted zeolite. 

13. The improvement of Claim 14 wherein said 
zeolite is present as at least about 20% by weight of 
said glass batch materials. 



14. 



In a calcia alumiaosilicate fiber glass 



17. 



The improvement of Claim 14 wherein a 




entatioua body containing a minor 
rs containing the composition of 



Claim 1. 



20. A cementatious body containing a minor 
amount of glass fibers containing the composition of 
Claim 2. 
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21. A cementatious body containing a minor 
amount of glass fibers containing the composition of 
Claim 3. 

22. A cementatious body containing a minor 
amount of glass fibers containing the composition of 
Claim 4. 

23. A cementatious body containing a minor 
amount of glass fibers containing the composition of 
Claim 10. 

24. A cementatious body containing a minor 
amount of glass fibers containing the composition of 
Claim L2. 

25. A cementatious body containing a minor 
amount of glass fibers containing the composition of 
Claim 14. 



26. A cementatious body containing a minor 
amount of glass fibers containing the composition of 
Claim 15. 



amount of 
Claim IS. 



27. A cementatious body containing a minor 
glass fibers containing the composition of 
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AMENDED CLAIMS 

(received by ihe international Bureau on 23 March 1985 I Z3.03.35) 



1. A composition useful for forming glass fibers 
having high alkaline resistance comprising: 

a substantial quantity of naturally occurring 
pre-reacted zeolite, said zeolite comprising minor 
quantities of iron, sodium and potassium, and 
substantial quantities of silicon, aluminum, magnesium 
and calcium components capable of forming silica, 
alumina, magnesia and calcia under* glass- forming 
conditions ; 

significant quantities of aluminum and 
calcium components capable of forming alumina and 
calcia under glass-f orming conditions, said aluminum 
and calcium components being in addition to any such 
components present in said zeolite being essentially 
free of iron; 

• wherein the proportion of said additional aluminum and 
calcium components to said zeolite being such that said glass 
fibers comprise Less than about 0.5% by weight iron oxide, 
calculated as FeO. 

2. The composition of claim 1 wherein said 
zeolite comprises Less than about 1.5JJ by weight iron oxide, 
said iron oxide comprising FeO, F«2°3 and E " e 3°4' 

3. The composition of claim 2 wherein said 
zeolite comprises less than about 1% by weight iron oxide. 

4. The composition of claim 1 wherein said 
composition comprises additionally a boron compound, which 
is essentially free of iron, in amounts such that said glass 
fibers comprise a soda, potassia and boria content of about 
3% to about 10% by weight. 
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5. The composition of claim 1 wherein saic 
zeolite and said additional aluainum and calcium component: 
are present in proportions such that said glass fiber: 
comprise about 30% to about 60% by weight silica, about 2% tc 
about 20% by weight alumina, about 18% to about 60% by weight 
calcia. about 0% to about 30% by weight magnesia, and about 
20% to about 6C% by weight calcia plus magnesia. 



■3 . 



The composition of claim 5 wherein said glass 
fibers ::^r::a about 1C% to about 20% by weight alumina anc 
Lass zr.ir. i::u: C . 25% by weight S^Oj . 



fibers :;.r.o: 



The composition of claim 6 wherein said glass 
:e " 3m about 20% to about 35% by weight calcia. 



3. The composition of claim 7 wherein said glass 
fibers :-r.cr-.se about 45% ' to about 60% by weight silica, 
about: - 3 aC out 35% by weight calcia. about 0% to about 10% 
by weight -aqnesia. and about 22% to about 35% by weight 
calcia plus -aanesia. 



3. The composition of claim 3 wherein said glass 
fibers comprise from about 45% to about 55% by v.-eight silica, 
and about 12% to about 18% by weight alumina. 

10. The composition of claim 9 wherein said 
composition comprises about 25% to about 30% calcia plus 
magnesia. 



11. The composition of claim 9 wherein said 
position comprises less than about 0.25% iron oxide. 

12. The composition of claim 10 wherein said glass 
ers consist essentially of silica, alumina, calcia. 
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magnesia, and minor quantities of soda and/or potassia and 
boria. 

13. The composition of claim 1 wherein said 
composition comprises at least about 20% by weight said 
zeolite. 

14. A cementatious body containing a minor amount 
of said glass fibers of claim 1. 

15. The cementatious body of claim 14 wherein said 
zeolite and said additional aluminum and calcium components 
are present in proportions such that said glass fibers 
comprise about 30% to about 60% by weight silica, about 2% to 
about 2C% by weight alumina, about 18% to about 60% by weight 
calcia, about C% to about 30% by weight magnesia, and about 
20% to about 50% by weight calcia plus magnesia. 

16. The cementatious body of claim 15 wherein said 
glass fibers comprise about 10% to about 20% by weight 
alumina and less than about 0.25% by weight S*e,0-,. 

17. The cementatious body of claim 16 wherein said 
glass fibers comprise from about 20% to about 35% by weight 
calcia. 

18. The cementatious body of claim 17 wherein said 
glass fibers comprise about 45% to about 60% by weight 
silica, about 22% to about 35% by weight calcia-, about 0% to 
about 10% by weight magnesia, and about 22% to about 35% by 
weight calcia plus magnesia. 

19. The cementatious body of claim 18 wherein said 
glass fibers comprise from about 45% to about 55% by weight 
silica and about 12% to 18% by weight alumina. 
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20. The cementatious body of claim 13 wherein sai 
glass fibers comprises less than about 0.25% iron oxide. 

21. In a caicia aluainosilicate fiber glass forme 
from a composition containing substantial quantities of 
naturally occurring zeolite, and additional aluminum an 
calcium components, the improvement comprising: 

selecting said components which have 
sufficiently low iron content such that said fiber gias 
comprises less than about 0.5% by weight iron oxide. 

22. The improvement of claim 21 wherein said fibe 
qiiss -orr.prises less than about 0.25% by weight iron oxide. 

23. The improvement of claim 22 wherein said gias 
fiber reprises less than about 0.1% by weight iron oxide. 

24. The improvement of claim 21 wherein 
substantial quantity of silicon, aluminum and calcium of sai 
fiber ^lass is provided by said zeolite. 

25. The improvement of claim 21 wherein sai 
composition comprises at least about 20% by weight sai 
zeolite. 

26. A cementatious body containing a minor amount 
of glass fibers of said fiber glass of claim 21. 

27. The cementatious body of claim 26 wherein sai 
fiber glass comprises less than about 0.25% by weight :ro 
oxide. 

23. The cementatious body of claim 27 wherein sai 
fiber glass comprises less than about 0.1% by weight ire 
oxide. 
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STATEMENT UNDER ARTICLE 19 



Claims 1-2 7- have been replaced by new claims 1-28 to clearly def 
the claimed invention over the prior art. Applicant submits that 
invention as currently claimed is novel and unobvious over 
references contained in the International Search Report. 
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